


Physiological Adaptations to Spaceflight 
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Energy Kca/day 


Energy Intake and Expenditure 


Energy Intakes Blue 
Expenditure Red 



Voskhod Gemini, n=6 Salyut, n=2 Skylab, n=3 Skylab, n=3 Skylab, n=3 Space Shuttle, Space Shuttle, 


n=21 n=13 
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Energy Intake, Kcal/d 


Energy Intake per Program 


Energy Intake per Program 
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Gemini, n=6 Salyut, n=2 Skylab, n=3 Skylab, n=3 Skylab, n=3 Space Shuttle, Space Shuttle, ISS, El-4 

n=21 n=13 


ISS E5-16 ISS E17-20 
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Energy Consumption for Exercise 
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Skyiab and Space 


Extracellular Fluids % 
change 


Plasma Volume% 

change* 


Body Mass % 
change 


ogram Name 


Skyiab, n=9 


Space Shuttle, n=20 -10 to -14 


* Related to the orthostatic intolerance at landing. 


Fluid Intake During Space Right 
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Fluid Balances: Why cfid these changes happe 
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Skylab studies provide the best answer: all nine trewrBmbers weretecless urinel 

mean 400 ml less per day than preflight and water intake decreased 700 ml/d. 

Russians and US also showed increase osmolality of in-flight urine. Until the Space 
Shuttle flight water had to be launched, for some program managers this reduced 

was a plus. . ' '■ »IUl ^ 


ith 14 shuttle astronaut: 




Protein Requirements 



Protein intakes are implicated by early 

protein diets maybe related to renal stones. 

less than ideal water levels and with the concentrated urines, 
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Changes in Muscle Xfolume 


Muscle 


Calf 

Anterior 

Soleus+Gastroc 

Thigh 

Quadriceps 

Hamstrings 

Lumbar 

Intrinsic 

Psoas 


% Change 


R+1 

R+1 5 

-3.9 + 0.5 a 

-3.3 + 1.1 b 

-6.3 + 0.6 a 

-4.4 + 2.2 b 

-6.0 + 1 ,7 b 

-3.1 ±2.3 

-8.0 + 0.9 a 

-4.8 + 1.3 a 

-10.3 + 2.4 a 

-5.9 + 1.5 a 

-3.1 + 1.5 

-2.4 + 1.6 


Changes in Muscle 
Volume of Four 
Astronauts 1 and 15 
Days After an 8-Day 
Space Shuttle 
Mission 


a p<0.05 

b p<0.07 versus preflight 
R = recovery day 
% change = flight vs. preflight 



Protein Requirements 


Historically, musde loss was a significant i 









Effect of Energy Intake on Protein Synthesis 



Protein Intake 




Mir iRED (early) iRED ARED 


Protein intakes per body weight over different types of Resistive Exercise 

Mir is Russian Space Station 

iRED is early resistive exercise equipment 

IRED is initial resistive exercise equipment 

ARED is the resistive exercise equipment now on 

ISS 



Ca mg/d 



Calcium Intakes per Program-years 



Calcium: entails per program 


1000 


Shuttle 1981-2011 ISS(El-4) 2000- ISS (E5-16) 2002- ISS(E17-29) 2008- 
2001 2007 2011 






aiiiiii 


»li 


Bone Health 
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Exercise and Body Mass Measurements 



% change/month 


Efficy of Resistive Exercise on Bone 
Mineral Density (BMD) 


Whole Body BMD 


0.5- 


0 . 0 - 


-0.5 


- 1.0 





-1.5- 


Mir 


iRED iRED ARED 

(El -13) (E14-18) 


Smith et al, J Bone Miner Res, in press 



Food Preparation and Dietary Monitoring 




Dietary Intakes 
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Modification of Sodium Content - 37% reducti 




European 

Bonus foods to enhance acceptability and personal 
preferences 



International Space Station Foods 





Foods on ISS 














Texas A&M provides Thermostablized 
food 



Summary and Conclusions 









